Synthesis of luminescent protease substrates
To synthesize Leu-aminoluciferin, FmocLeu-OH (0.79 g, 2.2 mmol) was dissolved in tetrahydrofuran (THF; 6 mL) cooled to -20°C. N-methyl morpholine (0.5 mL, 2.5 eq) was added, followed by isobutylchloroformate (0.3 mL, 1.1 eq). This was stirred for 20 min, and a solution of 6-amino-2-cyanobenzothiazole (0.32 g, 1 eq) was added. This reaction was allowed to come to room temperature as it was stirred for 16 h. The reaction was then concentrated, and the resulting crude material was purified by flash chromatography with 3/7 EtOAc/ heptanes to provide Fmoc-Leu-aminocyanobenzothiazole as a white solid (0.91 g). This material was dissolved in CH 2 Cl 2 (20 mL), and DBU (1, undec-7-ene; 0.27 mL, 1 eq) was added. After stirring for 1.5 h at room temperature, the reaction was concentrated, and the crude material was purified by flash chromatography with 97/3 CH 2 Cl 2 / MeOH to provide H-Leu-aminocyanobenzothiazole (0.33 g) as a white foam. This material was dissolved in MeOH (20 mL), and a solution of D-cysteine (0.24 g, 1.2 eq) in water (2 mL) that had been brought to pH 7.0 with K 2 CO 3 was added. After stirring for 15 min, the reaction was concentrated, and the resulting solid was purified by prep-HPLC with a gradient of acetonitrile in 10 mM NH 4 OAc to provide the desired H-Leu-aminoluciferin (0.34 g) as a white solid after lyophilization: mass spectroscopy (electrospray ionization; ESI) calculated 392.1; found 393.3 (M+1).
The luciferin-Arg was prepared as follows. Boc-Cys(Trt)-OH (150 mg, 0.33 mmol) and H-Arg(Pbf)-OtBu.HCl (173 mg, 1 eq.) were dissolved in dimethylformamide (DMF; 6 mL). EDAC.HCl (77 mg, 1.1 eq.) was added into the solution, followed with hydroxybenzotriazole (HOBt; 45 mg, 1 eq.) and diethylisopropylamine (DIPEA; 180 µL, 3.3 eq.). The solution was kept stirring at room temperature for about 3-4 h. Vacuum was then used to remove most of the DMF and DIPEA, and the residue was dissolved with dichloromethane. The solution was washed with water, dried with Na 2 SO 4 , and concentrated. The residue was purified by flash chromatography eluting with a gradient of EtOAc in heptane, and Boc-Cys(Trt)-Arg(Pbf)-OtBu (250 mg) was obtained as a white solid. The dipeptide was deprotected in a solution of dichloromethane/ trifluoroacetic acid (TFA) (1:1) for 2.5 h, and the solvent was removed. The resulting H-Cys-Arg-OH was dissolved in THF (6 mL) and water (1 mL). 6-Hydroxy-2-cyanobenzothiazole (0.9 eq) and TCEP (1.1 eq) were added, and the pH was adjusted to 8.0 with triethylamine. The solution was kept stirring at room temperature for about 30 min, and HPLC was used to monitor the reaction. The final product was purified with prep-HPLC with a gradient of acetonitrile in 10 mM NH 4 OAc, and 52 mg Luciferin-Arg-OH were obtained as a white solid after lyophilization: mass spectroscopy (ESI) calculated: 436.5; found: 437.2 (M+1).
Supplementary Material For:
A bioluminescent assay for the sensitive detection of proteases Twenty proteases were individually tested in two different protease assays. Each protease was assayed in triplicate at a final concentration of 1 µg/mL, except for alkaline protease and furin, which were used at final concentrations of 5 and 20 U/mL, respectively. Incubation times were for 30 min (luminescent assay) or 20 h (fluorescent assay). Average signals and the percent coefficient of variation (100 × sd/average) are listed. The average RLUs were used to calculate S/B and S/N ratios. These data are also depicted in Figure 2 , A and B, of the main text. RLU, relative light unit; FLU, fluorescent light unit; S/B, signal-to-background ratio; S/N, signal-to-noise ratio; NA, not applicable. A subset of proteases from the initial screen of 20 proteases depicted in Figure 2 , A and B, from the main text, were further tested in three separate experiments to determine the variation within and between experiments. Each protease was assayed in six wells at a final concentration of 1 µg/mL for 30 min. Average signals and the percent coefficient of variation (%CV; 100 × sd/average) are listed for each protease. Interexperiment variation was also calculated. This data are represented graphically in Supplementary Figure S1 . RLU, relative light unit.
Supplementary Figure S1 . Interexperiment variation of the luminescent general protease assay. A subset of proteases from the initial screen of 20 proteases depicted in Figure 2 , A and B, from the main text, were further tested in three separate experiments to determine the variation within and between experiments. The data from Figure 2A and the three additional experiments are graphed. Error bars represent ±1 sd. For experimental details, see Supplementary Table S2 . RLU, relative light unit.
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